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(57)Abstract: 

PROBLEM TO BE SOLVED: To embody the reduction of 
contact resistance, the suppression of insulation 
defects, good linear responsiveness, etc., by suppressing 
the reproduction fringes and Barkhausen noise of a 

magneto -resistive element. ^ 
SOLUTION: This magneto -resistive element consists of 
multilayered magnetic films which have at least an 
antiferromagnetic film 15, first ferromagnetic film 16, 
nonmagnetic film 17 and second ferromagnetic film 18 
successively laminated on a substrate and exhibit huge 
megaromagneto- resistance effect and in which at least 
the second ferromagnetic film 18 has a magneto- 
resistance effect film 14 having the shape meeting the 
shape of a magnetic field detecting part. A pair of bias 
magnetic field imparting films 20 are respectively 
laminated on the films having the electrical conductivity 
in the multilayered magnetic films in the outer side parts 
at both ends of the magnetic field detecting part of the 
magneto- resistance effect film 14. The second 

ferromagnetic film having the part corresponding to the magnetic field detecting part and the 
outer side parts at both ends of the magnetic field detecting part having the film thickness 
smaller than the film thickness thereof is otherwise used and a pair of the bias magnetic field 
imparting films are laminated on the outer side parts at both ends of the magnetic field 
detecting part of this second ferromagnetic film. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The magnetoresistance-effect element characterized by providing the 
following. Substrate. The magnetoresistance-efifect film which has the magnetic 
multilayer which contains at least the antiferromagnetism film by which the 
laminating was carried out to order from the aforementioned substrate side on 
the main front face of the aforementioned substrate, the 1st ferromagnetic, a 
nonmagnetic membrane, and the 2nd ferromagnetic arranged at the magnetic 
field detecting element, and which shows the huge magnetoresistance effect. 
The bias magnetic field grant film of the couple by which the laminating was 
carried out, respectively on the electric conduction film which adjoins the both 
ends of the aforementioned magnetic field detecting element, and is chosen 
from the aforementioned antiferromagnetism film, the 1st ferromagnetic, and 
nonmagnetic membrane in the aforementioned magnetic multilayer. The 
electrode of the couple which supplies current to the aforementioned 
magnetoresistance-effect film. 

[Claim 2] In a magnetoresistance-effect element according to claim 1, the 
aforementioned bias magnetic field grant film is chosen from the cascade screen 
of a hard magnetic film and a ferromagnetic, and an antiferromagnetism film. 
Magnetoresistance-efifect element characterized by being one sort. 
[Claim 3] It is that the-afo'rementioned antiferromagnetism film is chosen from 
an IrMn alloy, a RhMn alloy, a RuMn alloy, a PdPtMn alloy, a CrMnPt alloy, a FeMn 
alloy, a NiMn alloy, and a PtMn alloy in a magnetoresistance-efifect element 
according to claim 1 that it is few. Magnetoresistance-effect element 



chaxacteiized by the bird clapper from one sort of metal system 
antiferromagnetism material. 

[Claim 4] The magnetoresistance-efifect element characterized by forming the 
metal membrane which has a fee phase to the aforementioned 
antiferromagnetism film down side as a ground film in a 
magnetoresistance-efiect element according to claim 3. 

[Claim 5] It is the magnetoresistance-efifect element to which either [ at least ] 
the 1st ferromagnetic of the above or the 2nd ferromagnetic of the above is 
characterized by the bird clapper from a CoFe alloy in a 
magnetoresistance-effect element according to claim 1. 

[Claim 6] The magnetoresistance-effect element characterized by setting for a 
magnetoresistance-efifect element according to claim 1, and inserting the 
magnetic film which has the middle lattice constant of the aforementioned 
antiferromagnetism film and the 1st ferromagnetic between the aforementioned 
antiferromagnetism fiilm and the 1st ferromagnetic. 

[Claim 7] The magnetoresistance-efifect element characterized by inserting the 
magnetic film between the aforementioned antiferromagnetism film and the 1st 
ferromagnetic, and establishing the difiEiision barrier layer between the 1st 
ferromagnetic of the above, and the aforementioned magnetic film in a 
magnetoresistance-efifect element according to claim 1. 

[Claim 8] The magnetoresistance-efifect element characterized by forming the 
sofib-magnetism assistant film on the ferromagnetic of the above 2nd in a 
magnetoresistance-efifect element according to claim 1. 

[Claim 9] It is the magnetoresistance-efifect element characterized by setting 
up the interval of the electrode of the aforementioned couple in a 
magnetoresistance-efifect element according to claim 1 more narrowly than the 
interval of the bias magnetic field grant film of the aforementioned couple. 
[Claim 10] The magnetoresistance-efifect element characterized by providing 
the following. Substrate. The magnetoresistance-efifect film which has the 
both-ends lateral part of the aforementioned magnetic field detecting element 
which has thickness thinner than the portion equivalent to the portion and the 
aforementioned magnetic field detecting element by which it has the magnetic 
multilayer which shows the huge magneitoresistance effect which contains at 
least the antiferromagnetism film by which the laminating was carried out to 
order firom the aforementioned substrate side on the main firont face of the 
aforementioned substrate, the 1st ferromagnetic, a nonmagnetic membrane, and 



the 2nd ferromagnetic, and the 2nd ferromagnetic of the above is equivalent to a 
magnetic field detecting element. The bias magnetic field grant film of the 
couple by which the laminating was carried out, respectively on the both-ends 
lateral part of the aforementioned magnetic field detecting element of the 2nd 
ferromagnetic of the above. The electrode of the couple which supplies current 
to the aforementioned magnetoresistance-efifect film. 

[Claim 11] In a magnetoresistance-efifect element according to claim 10, the 
aforementioned bias magnetic field grant film is chosen fi-om the cascade screen 
of an antiferromagnetism film, a hard magnetic film and a ferromagnetic, and an 
antiferromagnetism film. Magnetoresistance-efifect element characterized by 
being one sort. 

[Claim 12] In a magnetoresistance-efifect element according to claim 11, the 
aforementioned bias magnetic field grant film is an antiferromagnetism film, and 
it is the thickness of the both-ends lateral part of the aforementioned magnetic 
field detecting element of the 2nd ferromagnetic of the above. 
Magnetoresistance-efifect element characterized by being the range of two to 5 
nm. 

[Claim 13] The magnetic thickness which the aforementioned bias magnetic field 
grant film is a cascade screen of the aforementioned hard magnetic film or the 
aforementioned ferromagnetic, and an antiferromagnetism film in a 
magnetoresistance-efifect element according to claim 11, and doubled the 
both-ends lateral part of the aforementioned magnetic field detecting element 
of the aforementioned bias magnetic field grant film and the 2nd ferromagnetic 
of the above is the magnetic thickness of the both-ends lateral part of the 
aforementioned magnetic field detecting element of the 2nd ferromagnetic of 
the above. Magnetoresistance-efifect element characterized by being more than 
double precision. 

[Claim 14] It is that the aforementioned antiferromagnetism film is chosen firom 
an IrMn alloy, a RhMn alloy, a RuMn alloy, a PdPtMn alloy, a CrMnPt alloy, a FeMn 
alloy, a NiMn alloy, and a PtMn alloy in a magnetoresistance-efifect element 
according to claim 10 that it is few. Magnetoresistance-efifect element 
characterized by the bird clapper firom one sort of metal system 
antiferromagnetism material. 

[Claim 15] The magnetoresistance-efifect element characterized by forming the 
metal membrane which has a fee phase to the aforementioned 
antiferromagnetism film down side as a ground film in a 



magnetoresistance-effect element according to claim 14. 

[Claim 16] It is the magnetoresistance-efifect element to which either [ at least 
] the 1st ferromagnetic of the above or the 2nd ferromagnetic of the above is 
characterized by the bird clapper from a CoFe alloy in a 
magnetoresistance-effect element according to claim 10. 
[Claim 17] The magnetoresistance-eflfect element characterized by inserting 
the magnetic film between the aforementioned antiferromagnetism film and the 
1st ferromagnetic, and establishing the diffusion barrier layer between the 1st 
ferromagnetic of the above, and the aforementioned magnetic film in a 
magnetoresistance-effect element according to claim 10. 

[Claim 18] It is the magnetoresistance-efifect element characterized by setting 
up the interval of the electrode of the aforementioned couple in a 
magnetoresistance-effect element according to claim 10 more narrowly than 
the interval of the bias magnetic field grant film of the aforementioned couple. 
[Claim 19] The both-ends outside of the magnetic field detecting element of the 
magnetoresistance-efTect film which has the magnetic multilayer which shows 
the huge magnetoresistance effect which contains at least the 

antiferromagnetism film which is characterized by providing the following, and by 
which the laminating was carried out to order from the aforementioned 
substrate side on the main front face of a substrate and the aforementioned 
substrate, the 1st ferromagnetic, a nonmagnetic membrane, and the 2nd 
ferromagnetic, and the aforementioned magnetoresistance-effect film. The bias 
magnetic field grant film of the couple by which the laminating was carried out 
on the ferromagnetic of the above 2nd, respectively. The electrode of the 
couple which supplies current to the aforementioned magnetoresistance-effect 
film. 

[Claim 20] It sets for a magnetoresistance-effect element according to claim 
19, and is the 2nd ferromagnetic. Magnetoresistance-effect element 
characterized by having the thickness of the range of 2-lOnm. 
[Claim 21] The magnetoresistance-effect element characterized by forming the 
high resistance protective coat on the aforementioned 

magnetoresistance-effect film and the aforementioned bias magnetic field grant 
film in a magnetoresistance-effect element according to claim 19. 
[Claim 22] It is the magnetoresistance-effect element characterized by setting 
up the interval of the electrode of the aforementioned couple in a 
magnetoresistance-effect element according to claim 19 more narrowly than 



the interval of the bias magnetic field grant film of the aforementioned couple. 
[Claim 23] It is the magnetoresistance-effect element to which the 
aforementioned bias magnetic field grant film is characterized by the bird clapper 
from an antiferromagnetism film in a magnetoresistance-effect element 
according to claim 19. 

[Claim 24] The magnetic head characterized by providing a bottom 
magnetic-shielding layer, the claim 1 formed through the bottom reproduction 
magnetic gap on the aforementioned bottom magnetic-shielding layer and a 
magnetoresistance-efifect element according to claim 10 or 19, and the top 
magnetic-shielding layer formed through the bottom reproduction magnetic gap 
on the aforementioned magnetoresistance-effect element. 

[Claim 25] The magnetic-recording reproducing head characterized by providing 
the recording head which has the reproducing head which has the magnetic head 
according to claim 24, the aforementioned bottom magnetic-shielding layer of 
the aforementioned magnetic head and the communalized bottom magnetic pole, 
the record magnetic gap formed on the aforementioned bottom magnetic pole, 
and the top magnetic pole prepared on the aforementioned record magnetic gap. 
[Claim 26] Magnetic storage characterized by providing the write-in electrode 
which memorizes information on the magnetoresistance-effect film of a claim 1, 
a magnetoresistance-effect element according to claim 10 or 19, and the 
aforementioned magnetoresistance-effect element, and the read-out electrode 
which consists of the aforementioned electrode of the aforementioned 
magnetoresistance-effect element, and which reproduces the information 
memorized by the aforementioned magnetoresistance-effect film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

(The technical field to which invention belongs] this invention relates to the 
magnetoresistance-effect element which has the magnetic mtdtilayer which 
shows the huge magnetoresistance effect, the magnetic head using it, the 
magnetic-recording reproducing head, and magnetic storage. 
[0002] 

[Description of the Prior Art] In magnetic recording media, such as HDD, it is 
progressing in the direction which reduces recording track width efface in order 
to aim at improvement in recording density. In order to compensate the fall of 
the reproduction output accompanying reduction of this recording track width of 
face, the magnetic head (MR head) which applied the high sensitivity 
magnetoresistance-effect element (MR element) is needed. Promising of the 
MR head using the spin bulb film which consists of a magnetic multilayer which 
carried out the laminating of the antiferromagnetism film for fixing magnetization 
of the ferromagnetic (it is hereafter described as a magnetization firee layer) 
which carries out magnetization rotation especially according to a signal 
magnetic field, a nonmagnetic membrane, the ferromagnetic (it is hereafter 
described as a magnetization fixing layer) which magnetization fixed by the bias 
magnetic field firom an antiferromagnetism film, and a magnetization fixing layer 
to order and in which the huge magnetoresistance efifect is shown is carried out 
as an MR head of 

[0003] In the MR head using the spin bulb film, after that the reproduction firinge 
the Barkhausen noise resulting fi-om the magnetic domain wall of a 
magnetization firee layer and near the both ends of a regenerative track puts in 
practical use, it has been a big technical problem. The so-called MR head of the 
ABATTO junction method which ^*********ed, removed both-ends la from 
which it separated fi'om the recording track width efface of the spin bulb film 1, . 
and la outside, and has arranged the hard magnetic film 2 there, respectively in 
order to solve such a technical problem, for example, as shown in the cross 



section observed from the medium opposite side side of drawing 12 is proposed. 
[0004] In addition, the laminating of the magnetization free layer 4, a 
nonmagnetic membrane 5, the magnetization fixing layer 6, and the 
antiferromagnetism film 7 is carried out to order, and the spin bulb film 1 shown 
in drawing 12 consists of substrate 3 sides, as mentioned above. Moreover, on 
the hard magnetic filwi 2, the electrode (reproduction electrode) 8 of the couple 
for passing sense current on the spin bulb film 1, respectively is formed. 
[0005] In the MR head of the ABATTO junction method shown in drawing 12 , 
the magnetic domain of the magnetization fr^e layer 4 disappears by the bias 
magnetic field from the hard magnetic film 2, and a Barkhausen noise is 
suppressed. Moreover, since portions other than recording track width of face 
are placed and replaced with the hard magnetic film 2, they can read only the 
recording information from a recording track. Therefore, a reproduction fringe 
can be made remarkably small. 

[0006] However, the problem as shown below has occurred in the MR head which 
applied the ABATTO junction method described above on the spin bulb film 1. 

First, although illustration was omitted to the spin bulb film 1 down side, the gap 
film which consists of nonmagnetic insulators, such as an alumina, exists in the 
1st. For this reason, contact on the reproduction electrode 8, the hard 
magnetic film 2, and the spin bulb film 1 serves as a wall surface of the spin bulb 
film 1 removed mainly by etching etc. Therefore, there is a problem of contact 
resistance increasing or being easy to become unstable. 
[0007] Since the magnetization free layer 4 exists in it at the bottom in case 
etching removes the magnetization free layer 4 to the 2nd at the both ends of 
the spin bulb film 1, it is surely over etching ****** about a gap film. For this 
reason, there is a problem of being easy to produce poor insulation between the 
magnetic- shielding layers which exist in the gap film bottom. 
[0008] In the lower part, in etching of the spin bulb film 1, a taper tends to 
become loose the 3rd compared with the upper part of the spin bulb film 1. For 
this reason, the field the hard magnetic film 2 and the magnetization free layer 4 
carried out [ the field ] switched connection in the taper section increases. In 
such a taper section field, since the exchange bias force becomes unstable, it 
becomes easy to generate §i Barkhausen noise. 

[0009] Since the wall surface of the hard magnetic film 2 and the wall surface of 
the magnetization fixing layer 6 will touch the 4th inevitably, the bias magnetic 
field from the hard magnetic film 2 also joins the magnetization fixing layer 6. For 



this reason, magnetization of the magnetization fixing layer 6 which should 
originally fix crosswise [ of the spin bulb film 1 ] (the signal magnetic field inflow 
direction) inclines in the direction of bias of the hard magnetic film 2 
(longitudinal direction of the spin bulb film I), and has the problem that the good 
alignment response to a signal magnetic field is no longer obtained. 
[0010] On the other hand, the direct laminating of the bias magnetic field grant 
films, such as a hard magnetic film and an antiferromagnetism film, is carried out 
to the edge section of MR film, they carry out switched connection, and the MR 
head which removed the Barkhausen noise by this is also proposed. However, 
problem **** of the firont-fece nature of the ground which needs to prepare a 
hard magnetic film, an antiferromagnetism film, etc. in a substrate side, and 
forms a spin bulb film by these patterning on a magnetization firee layer by the 
present spin bulb film in which a magnetization fixing layer etc. exists 
deteriorating. 

[0011] It is very difficult to carry out pattern formation without degrading the 
surface state of the ground of a spin bulb film when these are thick, although it 
is necessary to thicken a hard magnetic film and an antiferromagnetism film 
when obtaining the switched connection stabilized especially. Furthermore, by 
the antiferromagnetism film, strong exchange bias is difficult to get, and since 
coercive force tends to decline according to the reaction firom a magnetization 
firee layer in a hard magnetic film, stable magnetization fixing in a 
width-of-recording-track edge is difficult. Therefore, there is a problem that 
reduction of a reproduction fidnge and suppression of a Barkhausen noise tend 
to become inadequate. 
[0012] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the MR head 
using the conventional spin bulb film, by the ABATTO junction method, it 
originates in the configuration and there is a problem of being easy to produce 
destabLLization of the switched connection of the increase, destabilization, the 
poor insulation, hard magnetic film, and magnetization free layer of contact 
resistance etc. Furthermore, there is a problem that the good alignment 
response to a signal magnetic field is not obtained with the inclination of 
magnetization of a magnetization fixing-iayer. 

[0013] On the other hand, in the MR head to which the direct laminating of the 
bias magnetic field grant films, such as a hard magnetic film and an 
antiferromagnetism film, was carried out to the spin bulb film, and they carried 



out switched coanection, there is a problem that the surface state of the 

ground of a spin bulb film deteriorates, or reduction of a reproduction fringe and 

suppression of a Barkhausen noise become inadequate since stable 

magnetization fixing in a width-of-recording-track edge is difficult. 

[0014] Furthermore, applying a spin bulb film to magnetic storage, such as 

magnetoresistance-effect memory (MRAM), is also examined, and, in such a 

case, sufficient bias force is searched for. 

[0015] this invention aims at offering the magnetic head, the 

magnetic-recording reproducing head, and magnetic storage which raised the 

property by using the magnetoresistance-effect element and still such a 

magnetoresistance-effect element which realized reduction of contact 

resistance, suppression with a poor insulation, good alignment responsibility, etc. 

after it was made in order to cope with such a technical problem, and 

suppressing the reproduction fringe and the Barkhausen noise. 

[0016] 

[Means for Solving the Problem] As indicated to the claim 1, the 1st 
magnetoresistance -effect element in this invention The antiferromagnetism film 
by which the laminating was carried out to order from the aforementioned 
substrate side on the main fix}nt face of a substrate and the aforementioned 
substrate, The magnetoresistance-effect film which has the magnetic multilayer 
which contains at least the 1st ferromagnetic, a nonmagnetic membrane, and 
the 2nd ferromagnetic arranged at the magnetic field detecting element, and 
which shows the huge magnetoresistance effect. The bias magnetic field grant 
film of the couple by which the laminating was carried out, respectively on the 
electric conduction film which adjoins the both ends of the aforementioned 
magnetic field detecting element, and is chosen from the aforementioned 
antiferromagnetism film, the 1st ferromagnetic, and nonmagnetic membrane in 
the aforementioned magnetic multilayer. It is characterized by providing the 
electrode of the couple which supplies current to the aforementioned 
magnetoresistance-effect film. 

[0017] As indicated to the claim 10, the 2nd magnetoresistance-effect head A 
substrate. The antiferromagnetism film by which the laminating was carried out 
to order from the aforementioned substraite side on the main front face of the 
aforementioned substrate. It has the magnetic multilayer which shows the huge 
magnetoresistance effect which contains the 1st ferromagnetic, a nonmagnetic 
membrane, and the 2nd ferromagnetic at least. And the 



magnetoresistance-effect film which has the both-ends lateral part of the 
aforementioned magnetic field detecting element which has thickness thinner 
than the portion equivalent to the portion and the aforementioned magnetic field 
detecting element by which the 2nd ferromagnetic of the above is equivalent to 
a magnetic field detecting element. It is characterized by providing the electrode 
of the couple which supplies current to the bias magnetic field grant film and the 
aforementioned magnetoresistance-effect film of the couple by which the 
laminating was carried out, respectively on the both-ends lateral part of the 
aforementioned magnetic field detecting element of the 2nd ferromagnetic of 
the above. 

[0018] As indicated to the claim 19, the 3rd magnetoresistance-effect element 
A substrate, The magnetoresistance-effect film which has the magnetic 
multilayer which shows the huge magnetoresistance effect which contains at 
least the antiferromagnetism film by which the laminating was carried out to 
order firom the aforementioned substrate side on the main fix)nt face of the 
aforementioned substrate, the 1st ferromagnetic, a nonmagnetic membrane, and 
the 2nd ferromagnetic. On the both-ends outside of the magnetic field detecting 
element of the aforementioned magnetoresistance-effect film, it is 
characterized by providing the electrode of the couple which supplies current to 
the bias magnetic field grant film and the aforementioned 

magnetoresistance-effect film of the couple by which the laminating was carried 
out on the ferromagnetic of the above 2nd, respectively. 

[0019] As the magnetic head of this invention was indicated to the claim 24, it is 
characterized by providing a bottom magnetic-shielding layer, the 
magnetoresistance-effect element of this invention mentioned above formed 
through the bottom reproduction magnetic gap on the aforementioned bottom 
magnetic-shielding layer, and the top magnetic-shielding layer formed through 
the bottom reproduction magnetic gap on the aforementioned 
magnetoresistance-effect element. As the magnetic-recording reproducing 
head of this invention was indicated to the claim 25, it is characterized by 
providing the recording head which has the reproducing head which has the 
magnetic head of the above-mentioned this invention, the aforementioned 
bottom magnetic-shielding layer of the aforementioned magnetic head and the 
communalized bottom magnetic pole, the record magnetic gap formed on the 
aforementioned bottom magnetic pole, and the top magnetic pole prepared on 
the aforementioned record magnetic gap. 



[0020] Magnetic storage of this invention is characterized by providing the 
write-in electrode which memorizes information on the 

magnetoresistance-effect film of the magnetoresistance-efifect element of this 
invention mentioned above, and the aforementioned magnetoresistance-efiEect 
element, and the read-out electrode which consists of the aforementioned 
electrode of the aforementioned magnetoresistance-efifect element and which 
reproduces the information memorized by the aforementioned 
magnetoresistance-efiEect film, as indicated to the claim 26. In the 1st 
magnetoresistance-efifect element of this invention, the 1st ferromagnetic by 
which a bias magnetic field is impressed and magnetization fixing is carried out 
has been arranged firom the antiferromagnetism film to the substrate side, and 
the 2nd ferromagnetic which serves as a magnetization firee layer at an opposite - 
side is arranged with the substrate. For this reason, the 2nd ferromagnetic of 
the both-ends outside of a magnetic field detecting element is removed, and 
structure which left some films which acquired the good off-track property (low 
reproduction firinge) upwards, and have the conductivity in a magnetic multilayer 
to the both-ends outside of a magnetic field detecting element (regenerative 
track) can be realized. It becomes possible to secure the stable electric contact 
by this. 

[0021] Furthermore, since the taper field which makes unstable switched 
connection of an antiferromagnetism film and the 2nd ferromagnetic can be 
made small, it becomes possible to be stabilized and to suppress a Barkhausen 
noise. In addition, it becomes possible to give a bias magnetic field to the 2nd 
ferromagnetic, without contacting the edge wall surface of the 1st 
ferromagnetic used as a magnetization fixing layer on a bias magnetic field grant 
film. Therefore, after suppressing generating of a Barkhausen noise, good 
alignment responsibility can be obtained. 

[0022] In the 2nd magnetoresistance-effect head of this invention, the 1st 
ferromagnetic by which a bias magnetic field is impressed and magnetization 
fixing is carried out has been arranged firom the antiferromagnetism film to the 
substrate side, and the 2nd ferromagnetic which serves as a magnetization free 
layer at an opposite side is arranged with the substrate. For this reason, a fear of 
disturbing the ground firont face of a spiUrbulb film by patterning of a bias 
magnetic field grant film disappears, and the stable spin bulb film property can be 
realized. 

[0023] Moreover, thickness of the both-ends lateral part of the magnetic field 



detecting element of the 2nd ferromagnetic is made thinner than a magnetic 
field detecting element. Therefore, by the bias magnetic field grant film which 
consists of an antiferromagnetism film, increase of the exchange bias force is 
expectable. On the other hand, by the bias magnetic field grant film which 
consists of a hard magnetic film, increase of coercive force is expectable. After 
magnetization fixing by the both-ends lateral part of the magnetic field detecting 
element of the 2nd ferromagnetic was stabilized more by these and suppresses a 
Barkhausen noise by them, a good off-track property (low reproduction fiiige) 
can be acquired. Furthermore, since the magnetization direction of the 1st 
ferromagnetic which is a magnetization fixing layer is not disturbed, good 
alignment responsibility becomes realizable. 

[0024] In the 3rd magnetoresistance*effect head of this invention, the 1st 
ferromagnetic by which a bias magnetic field is impressed and magnetization 
fixing is carried out has been arranged firom the antiferromagnetism film to the 
substrate side, and the 2nd ferromagnetic which serves as a magnetization firee 
layer at an opposite side is arranged with the substrate. For this reason, a fear of 
disturbing the ground of a spin bulb film by patterning of a bias magnetic field 
grant film disappears, and the stable spin bulb film property can be realized. 
[0025] Moreover, by the bias magnetic field grant film which consists of an 
antiferromagnetism film, increase of the exchange bias force is expectable by 
making thickness of the 2nd ferromagnetic thin. On the other hand, by the bias 
magnetic field grant film which consists of a hard magnetic film, increase of 
coercive force is expectable. After magnetization fixing of the 2nd ferromagnetic 
in the both-ends lateral part of a magnetic field detecting element was stabilized 
by these and suppressing a Barkhausen noise by them, a good off-track property 
(low reproduction firinge) can be acquired. Furthermore, since the magnetization 
direction of the 1st ferromagnetic which is a magnetization fixing layer is not 
disturbed, good alignment responsibility becomes realizable. 
[0026] 

[Embodiments of the Invention] Hereafter, the form for carrying out this 
invention is explained. 

[0027] Drawing 1 and drawing 2 are drawings showing the structure of 1 
operation form of the **** discrete-type^magnetic head which applied the 1st 
magnetoresistance-effect element of this invention to the reproduction 
element section. Drawing 1 is the cross section (the recording track cross 
direction and the direction of y correspond [ x directions ] in the direction of 



thickness of a magnetoresistance-effect element by the travelling direction of a 
recording track) which looked at the **** discrete-type magnetic head from the 
medium opposite side. Drawing 2 is cross section **** which expands and shows 
the important section. 

[0028] In these drawings, 11 is a substrate and it is aluminum 203 as this 
substrate 11. aluminum2 03, the TIC substrate, etc. which has a layer are used. 
On the main front face of such a substrate 11, the bottom magnetic-shielding 
layer 12 which consists of soft magnetic materials, such as a NiPe alloy, a FeSiAl 
alloy, and an amorphous CoZr^^) alloy, is formed, the bottom magnetic-shielding 
layer 12 top — AlOx etc. - the magnetoresistance-efiect film (GMR film) 14 in 
which the huge magnetoresistance effect is shown through the bottom 
reproduction magnetic gap 13 which consists of a nonmagnetic insulating 
material is formed 

[0029] The magnetic multilayer which constitutes the GMR film 14 has at least 
the antiferromagnetism film 15 by which laminating formation was carried out, 
the Ist ferromagnetic 16, a nonmagnetic membrane 17, and the 2nd 
ferromagnetic 18 on the bottom reproduction magnetic gap 13 at order, as 
shown in drawing 2 . This GMR film 14 is the so-called spin bulb GMR film. The 
1st ferromagnetic 16 is the magnetization fixing layer which magnetization fixed 
by the bias magnetic field fix>m the antiferromagnetism film 15 formed in the 
bottom among the magnetic multilayers which constitute the spin bulb GMR film 
14. On the other hand, the 2nd ferromagnetic 18 is a magnetization free layer 
which carries out magnetization rotation according to external magnetic fields, 
such as a signal magnetic field. In addition, 19 in drawing is a protective coat 
which consists of Ta, Ti, etc., and is formed if needed. 

[0030] As for magnetization of the 1st ferromagnetic 16, it is desirable to fix 
perpendicularly (for it to be perpendicularly to space) in general to a medium 
opposite side (parallel to space) with the antiferromagnetism film 15. As for 
magnetizatioii of the 2nd ferromagnetic 18, it is desirable that the external 
magnetic field is suitable in the direction of the width of recording track in 
general in the state of zero. That is, as for the magnetization direction of the 
1st ferromagnetic 16, and the magnetization direction of the 2nd ferromagnetic 
18, it is desirable to carry out an abbreviation rectangular cross. In addition, the 
2nd ferromagnetic 18 is a bias magnetic field from the hard magnetic film 20 of 
the couple explained in fiill detail behind, as described above, the external 
magnetic field is suitable in the direction of the width of recording track in 



general in the state of zero, and the magnetic domain has disappeared by this 
bias magnetic field further. 

[0031] Co, a CoFe alloy, a CoFeB alloy, a NiFe alloy, a CoNi alloy, a NiFeCo aUoy, 
etc. are used for these ferromagnetics 16 and 18. For example, in order to 
acquire reliability the thermal resistance in the Records Department formation 
process of resistance rate of change, and over a long period of time, it is 
desirable to use Co system aUoys, such as CoFe. the thickness of these 
ferromagnetics 16 and 18 — for example, 1st ferromagnetic 16 being referred to 
as about 0.5-lOnm - moreover, 2nd ferromagnetic 18 It is desirable to be 
referred to as about l-20nm. 

[0032] Between the 1st and 2nd ferromagnetics 16 and 18, the nonmagnetic 
membrane 17 which consists of Cu, Au, Ag, those alloys, etc. intervenes. The 
base element of the spin bulb GMR film 14 is constituted by each class 15, 16, 
17, and 18 containing the antiferromagnetism film 15. the thickness of a 
nonmagnetic membrane 17 - for example, - It is desirable to be referred to as 
about 0.5*10nm. Conductive insulating NiO(s) or CoO(s), such as an IrMn alloy, a 
RhMn alloy, a RuMn alloy, a PdPtMn alloy, a CrMnPt alloy, a FeMn alloy, a NiMn 
aUoy, and a PtMn alloy, etc. are used for the antiferromagnetism film 15. 
[0033] The spin bulb GMR film 14 which consists of the above-mentioned 
magnetic multilayer has at least the configuration according to the magnetic 
field detecting element (regenerative track) to which the 2nd ferromagnetic 18 
detects external magnetic fields, such as a signal magnetic field. In other words, 
the 2nd ferromagnetic 18 at least is made into the configuration firom which the 
both-ends outside fix>m which it separated firom recording track width of face 
was removed so that the length of x directions may serve as the desired width of 
recording track. The removal range of the direction of thickness of a magnetic 
multilayer is set up so that the film which moreover has the conductivity in a 
magnetic multilayer at the topmost part of the both-ends lateral part of a 
regenerative track may exist. As an electric conduction film located in the 
topmost part of the both-ends lateral part of a regenerative track, a 
nonmagnetic membrane 17 and the 1st ferromagnetic 16 are mentioned. 
Moreover, when using the IrMn alloy and FeMn alloy which have conductivity as 
antiferromagnetism films 15, the antiferromagnetism film 15 may be an electric 
conduction film located in the topmost part. 

[0034] What is necessary is to perform ion milling using the resist mask etc. to 
the magnetic multilayer which formed membranes by the spatter etc., and just to 



remove the 2nd ferromagnetic 18 at least, in order to make electric conduction 
films other than the 2nd ferromagnetic 18 exist in the both-ends lateral part of 
a regenerative track, respectively. Drawing 2 shows the state where the 
magnetic mvdtilayer was **********ed so that a part of nonmagnetic membrane 
17 may remain. In the topmost part of the both-ends lateral part of a 
regenerative track, a part of nonmagnetic membrane 17 remains. 
[0035] And laminating formation of the hard magnetic film 20 of a couple is 
carried out as a bias magnetic field grant film on the electric conduction film in a 
magnetic multilayer at the both«ends lateral part of a regenerative track by 
which the 2nd ferromagnetic 18 is removed at least, and an electric conduction 
film exists in the topmost part, respectively. That is, the nonmagnetic membrane 
17 which has conductivity is in contact with the hard magnetic film 20. The hard 
magnetic material which has the conductivity of for example, a CoPt alloy, a 
CoNiCr alloy, etc. is used for the hard magnetic film 20 of a couple, and, as for 
the thickness, it is desirable to be referred to as about 10-80nm. On the hard 
magnetic film 20 of a couple, the electrode 21 of a couple which consists of Cu, 
Au, Zr, Ta, etc., respectively is formed, and sense current is supplied to the spin 
bulb GMR film 14 by the electrode 21 of this couple. You may set up the interval 
of the electrode 21 of a couple more narrowly than the interval of the hard 
magnetic film 20 of a couple. 

[0036] The spin bulb GMR film 14 mentioned above, the hard magnetic film 20 of 
a couple, and the electrode 21 of a couple constitute the GMR reproduction 
element 22. On the GMR reproduction element 22, as shown in drawing 1 , the 
top magnetic-shielding layer 24 which consists of the same soft magnetic 
materials as the bottom magnetic-shielding layer 12 is formed through the 
bottom reproduction magnetic gap 23 which consists of the same nonmagnetic 
insulating material as the bottom reproduction magnetic gap 13. Shielded type 
GMR head 25 as the reproducing head is constituted by these. 
[0037] Not only the hard magnetic film 20 but a bias magnetic field grant film can 
apply the cascade screen 28 which carried out the laminating of the 
antiferromagnetism film 27 on a ferromagnetic 26 like the 1st modification 
shown in drawing 3 . Reverse is sufficient as the order of a laminating of a 
ferromagnetic 26 and the €uitiferromagn^tism film 27. A NiFe alloy, Co system 
alloy, etc. are used for a ferromagnetic 26. A NiMn alloy, a FeMn alloy, an IrMn 
alloy, a PtMn alloy, etc. are used for the antiferromagnetism film 27. In order 
that magnetization of a ferromagnetic 26 may fix firmly by the switched 



connectioa bias magnetic field of one strong directivity from the 
antiferromagnetism film 27, a cascade screen 28 fiinctions as the hard magnetic 
film 20 and same bias magnetic field grant film. 

[0038] As for the antiferromagnetism film 27 in a bias magnetic field grant film, 
and the antiferromagnetism film 15 in a spin bulb GMR film, it is desirable to 
make the direction of a bias magnetic field intersect perpendicularly in general. 
For example, the direction of a bias magnetic field can be made to intersect 
perpendicularly in general by selecting the antiferromagnetism film 27 and the 
antiferromagnetism film 15 so that blocking temperature may differ, and 
performing heat treatment among a magnetic field. Blocking temperature is 
changeable on material, composition, membrane formation conditions, etc. An 
example of the conditions of heat treatment among a magnetic field is shown 
below. 

[0039] Blocking temperature uses [ blocking temperature ] the PtMn aUoy of 
653K for the antiferromagnetism film 27 at the antiferromagnetism film 15 using 
the IrMn alloy (5.5nm of thickness) of 503K. First, it is 523K in the 1 direction 
magnetic field (several 10 Oe(s) and a direction are a medium opposite side 
perpendicular direction). It holds for 5 hours and magnetization of the 
antiferromagnetism film 15 is fixed to a medium opposite side perpendicular 
direction. Next, in a cooUng process, at the middle temperature (-513K) of the 
blocking temperature of the antiferromagnetism film 27 and the 
antiferromagnetism film 15, the direction of a magnetic field is turned in the 
direction of the width of recording track, and is rotated 90 degrees of 
abbreviation. Then, magnetization of a ferromagnetic 26 fixes in the direction of 
the width of recording track by the bias magnetic field of the antiferromagnetism 
film 27 by the cooling process. 

[0040] On shielded type GMR head 25, as shown in drawing 1 , the thin fiJ^m 
magnetic head 29 is formed as a recording head. The bottom record magnetic 
pole of the thin film magnetic head 29 is constituted by the same magnetic layer 
as the top magnetic-shielding layer 24. That is, the top magnetic-shielding layer 
24 of shielded type MR head 25 serves as the bottom record magnetic pole of 
the thin film magnetic head 29, the bottom record magnetic pole 24 top which 
serves as a besides side magnetic-shielding layer - AlOx etc. the record 
magnetic gap 30 and the bottom record magnetic pole 31 which consist of a 
nonmagnetic insulating material are formed in order Although illustration was 
omitted, the record coil which gives a record magnetic field to the bottom 



record magnetic pole 24 and the bottom record magnetic pole 31 is formed in 
the back side, and the thin film magnetic head 29 as a recording head consists of 
medium opposite sides. 

[0041] Shielded type GMR head 25 which showed the important section to 
drawing 2 is produced as follows, for example. 

[0042] That is, each film which constitutes the spin bulb GMR film 14 on the 
main firont face of the substrate 11 first formed to the bottom reproduction 
magnetic gap 13 is formed by the spatter etc. one by one. Subsequently, a 
photoresist mask is formed and the spin bulb GMR film 14 is **********ed in a 
predetermined configuration by ion milling etc. This etching removes even the 
2nd ferromagnetic 18 at least, and leaves some unit films which have the 
conductivity in the magnetic multilayer which constitutes the spin bulb GMR film 
14. 

[0043] Next, the hard magnetic film 20 and electrode 21 grade of a couple are 
formed by the spatter etc. using the photoresist used for etching of the spin 
bulb GMR film 14 to the both-ends lateral part of the regenerative track of the 
spin bulb GMR film 14. A photoresist is removed using solvents, such as an 
acetone. 

[0044] Subsequently, the hard magnetic film 20 and the photoresist mask 
according to the configuration of an electrode 21 are formed, and ion milling is 
carried out using these. By this, a pattern as shown in drawing 4 is formed. The 
electric conduction film in the magnetic multilayer which constitutes the spin 
bulb GMR film 14 exists in the hard magnetic-film 20 and electrode 21 bottom. 

Then, shielded t3npe GMR head 25 is completed by forming the bottom 
reproduction magnetic gap 23 and the top magnetic-shielding layer 24. 
[0045] Furthermore, after forming the thin film magnetic head 29 as a recording 
head on shielded type GMR head 25, the **** discrete-type magnetic head is 
completed by performing machining to a slider configuration, and a head gimbal 
assembly. 

[0046] The magnetization free layer 18, i.e., the 2nd ferromagnetic, is made to 
exist in the opposite-side bottom in a substrate 11 in GMR head 25 of the 
operation form mentioned above. For this reason, removal of the magnetization 
firee layer of the both-end& lateral part wjtiich is needed when acquiring a good 
off-track property (low reproduction &*inge) to the 1st and which separated firom 
the regenerative track can be carried out, without deleting the spin bulb GMR 
film 14 extensively. The structure which moreover left some electric 



conduction films to the both-ends lateral part is realizable. Consequently, the 
electric contact stabilized through the electric conduction film made to remain 
is secured, it is stabilized, and small contact resistance becomes realizable. 
Therefore, resistance of the OMR reproduction element 22 whole can be 
reduced, and in order to raise reproduction sensitivity, even if it awitches on big 
sense current, it is hard coming to receive the influence of a thermal noise. 
[0047] Since what is necessary is to ********** only the 2nd ferromagnetic 18 
which is a magnetization firee layer at least to the 2nd, the amount of etching 
can be lessened and the improvement in precision of etching can be expected to 
it: In the 2nd ferromagnetic 18 which hits [ 3rd ] in early stages of etching 
advance in the lower part in which etching advances compared with what the 
taper of the spin bulb GMR film 14 tends to become loose to, a taper becomes 
****. Therefore, the taper field leading to [ of a Barkhausen noise ] generating 
can be made small. It becomes possible to be stabilized and to suppress a 
Barkhausen noise as the result. 

[0048] A bias magnetic field can be given to the 4th fi-om the hard magnetic film 
20 to the 2nd ferromagnetic 18, without contacting the edge wall surface of the 
1st ferromagnetic 16 which is a magnetization fixing layer to the hard magnetic 
film 20. Therefore, after suppressing generating of a Barkhausen noise, the 
disclosure magnetic field which joins a magnetization fixing layer from the hard 
magnetic film 20 can be suppressed. Thereby, the problem that magnetization of 
the 1st ferromagnetic 16 will incline in the direction of a disclosure magnetic 
field of the hard magnetic film 20 is avoidable. The magnetization direction of the 
1st ferromagnetic 16 is stabilized and fixed crosswise [ of the spin bulb GMR film 
14 ] (the inflow direction of a signal magnetic field), and good alignment 
responsibility is obtained. 

[0049] Reproducing characteristics with a S/N ratio good [ GMR head 25 ** of 
this operation gestalt and an off-track property are good, and ] since it has the 
feature of ** that alignment responsibility with few Barldiausen noises and 
thermal noises with a small reproduction fiinge is good are realizable. 
[0050] The operation gestalt mentioned above explained the case where the spin 
bulb GMR film 14 was constituted fi-om a fiindamental magnetic multilayer which 
consists of the antiferfomagnetism film 15, the 1st ferromagnetic 16, a 
nonmagnetic membrane 17, and the 2nd ferromagnetic 18. According to the 
component of each class etc., the layer of fiirther others can be added to the 
magnetic multilayer which constitutes the spin bulb GMR film 14. 



[0051] For example, with the spin biilb composition of this invention which 
reversed the laminated structure compared with the conventional spin bulb 
structure which carried out laminating formation of a magnetization free layer, a 
nonmagnetic membrane, a magnetization fixing layer, and the antiferromagnetism 
film at order, when the antiferromagnetism film 15 of metal systems, such as an 
IrMn alloy and a FeMn alloy, is only used, there is a possibility that the bias 
magnetic field fi-om the antiferromagnetism film 15 to the 1st ferromagnetic 16 
may become weaker. Then, as shown, for example in drawing 5 , it is the 
antiferromagnetism film 15. Stability of a fee phase (111) It is a ferromagnetic 16 
to a crystal stacking tendency and a pan. In order to raise the stability of a fee 
phase, it is desirable to form the ground film 32 of the antiferromagnetism film 
15. although Ta, Zr, Mb, Hf, etc. may be used as a ground film 32 - especially - 
The NiFe alloy which has a fee phase, a NiFeX alloy (it is chosen out of X:Cr, and 
Nb, Ta, Zr, Hf, W, Mo, V, Ti, Rh, Ir, Cu, Au, Ag, Mn, Re and Ru at least one sort of 
elements), a CuNi alloy, etc. are desirable. Thickness of this ground film 32 It is 
desirable to be referred to as about l-20nm. 

[0052] Ir formed through the ground film 32 especially described above 5 - 40 % 
of the weight The antiferromagnetism film 15 which consists of an IrMn alloy 
contained in the range is the blocking temperature TB to which a bias magnetic 
field disappears. While excelling in 473K or more and thermal resistance, it is 
desirable firom a high bias magnetic field being acquired. Thickness of the 
antiferromagnetism film 15 which consists of an IrMn alloy It is desirable to be 
referred to as about 3-30nm. A possibility that sufficient bias magnetic field will 
not be acquired if thinner than this, and diverging of the sense current to the 
antiferromagnetism film 15 will increase if thicker than this, and resistance rate 
of change may fall is large. 

[0053] When using electrical conducting materials, such as an IrMn alloy and a 
FeMn alloy, for the antiferromagnetism film 15, etching removal of the 
both-ends lateral part of the regenerative track of the spin bulb GMR film 14 
may be carried out to the state where some antiferromagnetism films [ at least ] 
15 remain, like the 2nd modification shown in drawing 5 , and you may carry out 
the laminating of the hard magnetic film 20 on the antiferromagnetism film 15 
which has conductivity. Since there is no.possibility that an electric conduction 
film may disappear even if it gives etching which reaches even the 
antiferromagnetism film 15, it is stabihzed and can leave an electric conduction 
film. Therefore, the contact resistance of the electrode 21 and the spin bulb 



GMR film 14 containing the hard magnetic film 20 can be reduced with sufficient 
repeatability. 

(00541 What is necessary is on the other hand, just to make only both the 1st 
ferromagnetic 16 and the nonmagnetic membrane 17, or the 1st ferromagnetic 
16 exist in the hard magnetic-film 20 bottom as an electric conduction film in 
the spin bulb GMR film 14, as shown in drawing 1 . when using insulating NiO etc. 
for the antiferromagnetism film 15. The electrode 21 and the spin bulb GMR film 
14 which contain the hard magnetic film 20 by this compared with the electric 
contact by the conventional waU surface can be contacted electricaUy good. 
[00551 Moreover, it is thickness, in order to lean the c axis to fihn surface 
inboard if possible and to attain high coercive force-ization to the hard 
magnetic-film 20 down side which consists of a CoPt alloy etc.. as shown in 
drawing 5 for example. It is desirable to form the ground fihn 33 which consists 
of about l-20nm Cr, V. a CrV alloy, a FeCo alloy, etc. 
[00561 In order to increase the exchange bias magnetic field firom the 
antiferromagnetism film 15 to the 1st ferromagnetic 16, you may insert the 
magnetic fihn which has these middle lattice constants in the interface of the 
antiferromagnetism film 15 and the Ist ferromagnetic 16 which is a 
magnetization fixing layer. A CoFePd alloy etc. is mentioned, when the 
antiferromagnetism film 15 is a FeMn alloy, for example and the Ist 
ferromagnetic 16 is a CoFe alloy as such a magnetic film, the case where Co 
system alloys, such as a CoFe alloy and a CoFeB aUoy, are used for the 1st 
ferromagnetic 16 and 2nd ferromagnetic 18 - between the antiferromagnetism 
films 15 -- for example. -- You may insert the ultra-thin layer of the NiFe 
system of the thickness of about 0.5-3nm. The ultra-thin layer of a NiFe system 
is Co system alloy. A fee phase is stabilized and the coercive force of Co system 
alloy is reduced. Therefore, it becomes easy to obtain a high sensitivity 
reproduction output without a Barkhausen noise. 

(00571 Furthermore, thickness it is thin firom nickel, nickel system aUoy, etc. 
between the antiferromagnetism fihn 15 and the 1st ferromagnetic 16 Uke the 
3rd modification shown, for example in drawing 6 The magnetic layer 34 of about 
0 5-5nm may be inserted, and the difiusion barrier layer 35 may be estabUshed 
between the 1st ferroma^etic 16 and a magnetic layer 34. The diffusion barrier 
layer 35 makes film growth of the 1st ferromagnetic 16 or a nonmagnetic 
membrane 17 turn precisely. In order to obtain big resistance rate of change, a 
stable interface is thermally reahzable between the Ist indispensable 



ferromagnetic 16 and indispensable nonmagnetic membranes 17 with this. The 
diffusion barrier layer 35 once introduces slight oxygen (about 1-10 SCCMs) 
into spatter atmosphere, after forming a magnetic layer 34 by the spatter etc. 
(about 1 - 300 seconds), and switched connection commits the front &ce of a 
magnetic layer 34. It can form by oxidizing by the thickness of 3nm or less. The 
processings for forming the diffusion barrier layer 35 may be nitriding treatment, 
fluoride processing, carbonization processing, etc. Or after forming a magnetic 
layer 34, air opening may once be carried out, and you may form membranes 
after that. 

[0058] in addition, the interface which touches a nonmagnetic membrane 17 in 
using Cu for a nonmagnetic membrane 17, using the alloy which contains many 
nickel, such as a NiFe alloy, in the 1st ferromagnetic 16 and 2nd ferromagnetic 
18 - for example, ~ It is desirable to insert very thin Co or Co system alloy 
film about l.Snm or less. Thereby, diffusion between nickel and Cu can be 
prevented and resistance rate of change and thermal resistance can be secured. 

[0059] On the 2nd ferromagnetic 18, as shown in drawing 5 , the soft-magnetism 
assistant film 36 is formed if needed. When using the aUoy which contains many 
good nickel of a soft magnetism in the 2nd ferromagnetic 18 which is a 
magnetization free layer, the soft-magnetism assistant layer 36 is not 
necessarily required. In using Co system alloys, such as a CoFe alloy a NiFe alloy 
and NiFeX (X:Cr, and Nb, Ta, Zr, Hf and W --) It is being chosen out of Mo, V, Ti, 
Rh, Ir, Cu, Au, Ag, Mn, Re, and Ru that it is few. Crystalline -substance 
magnetism alloys, such as one sort of element alloys, It is desirable to form the 
soft-magnetism assistant film 36 which consists of carbonization microcrystal 
alloys, such as nitriding microcrystal alloys, such as amorphous magnetism alloys, 
such as a CoZrNb system, a CoFeRe system, and a CoFeAlO system, FeZrN, and 
CoFeTaN, CoNbC, and FeTaV, or these cascade screens, 
[0060] The soft-magnetism assistant film 36 demonstrates an effect to 
improvement in the soft magnetism of the 2nd ferromagnetic 18 which consists 
of a Co system alloy. Thickness of the soft-magnetism assistant film 36 It is 
desirable to be referred to as about l-15nm. It is desirable to use the magnetic 
film of high resistance for the soft-magnetism assistant film 36, when 
suppressing diverging of sense current and maintaining high resistance rate of 
change. It is desirable to specifically use the magnetic film of 50 or more 
microomegacm. 



[0061] Concerning the configuration of the hard magnetic film 20 and an 
electrode 21, when shown below, the interval of the hard magnetic film 20 of a 
couple and the interval of the electrode 21 of a couple are about in agreement. 
After this forms the hard magnetic film 20 and an electrode 21 continuously 
and removes this resist mask, using the resist mask used for patterning of the 
spin bulb GMR film 14 as it is (the so-called liftofiE), it is the case where formed 
the resist mask set by the electrode configuration, and it **********s by ion 
milling etc. Under the present circumstances, the above-mentioned interval 
serves as regenerative-track width of face mostly. 

[0062] On the other hand, rather than the interval of the hard magnetic film 20 
of a couple, the interval of an electrode 21 can be made large and the hard 
magnetic film 20 can also be used as a part of electrode by about 14 spin bulb 
GMR film. For example, by dissociating and performing formation of the hard 
magnetic film 20 and an electrode 21, as shown in drawing 7 , the interval of the 
electrode 21 of a couple may be made larger than the interval of the hard 
magnetic film 20 of a couple, and the electrode 21 of a couple may be retreated 
firom a medium opposite side. 

[0063] Since the electrode 21 is formed in the part which retreated firom the 
medium opposite side according to such composition, the direct electrode 21 is 
not exposed to the machining process which exposes the spin bulb GMR film 14 
to a medium opposite side. Soft low electrical resistance materials, such as Cu 
and Au, are used for an electrode 21, the configuration by the side of the 
medium opposite side (ABS) of an electrode 21 spreads by the potato and polish, 
and electrode degradation of causing poor insulation with the magnetic-shielding 
layers 12 and 24 can be avoided. In this case, since the hard magnetic film 20 
serves also as an electrode by about 14 spin bulb GMR film, in order to lower 
resistance of the hard magnetic film 20 as much as possible, it is desirable to 
increase the thickness. The thickness of the hard magnetic film 20 has about 
40-100 desirablenm. Next, the operation gestalt of the GMR head which applied 
the 2nd magnetoresistance-efiect element of this invention is explained with 
reference to drawing 8 . Drawing 8 is the cross section showing the important 
section of the GMR head of this operation gestalt. In addition, the whole GMR 
head 25 structure is as having been shown in drawing 1 . Furthermore, when it 
constitutes the **** discrete-type magnetic head with the application of the 
2nd magnetoresistance-effect element of this invention in the reproduction 
element section, the whole structure becomes being the same as that of 



drawing 1 . 

[0064] In the GMR head which shows an important section to drawing 8 , the 
spin bulb GMR film 14 is constituted like the above-mentioned by the magnetic 
multilayer which has the ground film 32 by which the laminating was carried out 
from the substrate side at order, the antiferromagnetism fiilm 15, the 1st 
ferromagnetic 16, a nonmagnetic membrane 17, the 2nd ferromagnetic 18, the 
soft-magnetism assistant film 36, and a protective coat 19. In addition, the 
ground film 32, the soft-magnetism assistant film 36, and protective coat 19 
grade are formed among these if needed. Furthermore, it is possible to make 
layers other than these intervene as well as the operation gestalt mentioned 
above. 

[0065] It is the thickness tl of the portion in which the 2nd ferromagnetic 18 is 
equivalent to a magnetic field detecting element (regenerative track) in the GMR 
head of this operation form. It compares and is the thickness t2 of the 
both-ends lateral part of a regenerative track. It is set up thinly. The bias 
magnetic field grant film 37 is the thickness t2 of the 2nd ferromagnetic 18. 
Portion t2, i.e., thickness, Laminating formation is carried out on the both-ends 
lateral part of the regenerative track which it has. In other words, the 2nd 
ferromagnetic 18 is the thickness tl of the portion equivalent to a magnetic 
field detecting element. Thickness t2 of a portion which compares and hits the 
bias magnetic field grant film 37 bottom It is set up thinly. Laminating formation 
of the electrode 21 is carried out on the bias magnetic field grant film 37. 
[0066] When it constitutes a magnetization fi:ee layer firom a cascade screen of 
the 2nd ferromagnetic 18 and the sofl;-magnetism assistant film 36, you may 
make the thickness of this cascade screen the both-ends lateral part of the 
regenerative track which hits the bias magnetic field grant film 37 bottom 
become thin compared with the portion equivalent to a magnetic field detecting 
element. In addition, about the composition of those other than spin bulb GMR 
film 14, it considers as the same composition as the operation form mentioned 
above. 

[0067] In the GMR head of this operation form, in order to ********** the 
both-ends lateral part of a regenerative track only to a part of 2nd 
ferromagnetic 18 which is^ magnetization fi-ee layer, the amount of etching 
becomes small. Therefore, you may apply not only ion milling but easier reverse 
sputtering etch to etching. 

[0068] The hard magnetic film which has the conductivity of the 



antiferromagnetism film which has the conductivity of for example, a NiMn alloy, 
a FeMn alloy, an IrMn alloy, a PdPtMn alloy, a RhMn alloy, a RuMn alloy, a PtMn 
alloy, a CrMnPt alloy, etc., or a CoPt alloy is used for the bias ma^etic field 
grant film 37. Furthermore, it is possible to apply the cascade screen 28 of a 
ferromagnetic 26 and the antiferromagnetism film 27 to the bias magnetic field 
grant film 37 as well as the structure shown in drawing 3 . 

[0069] It is the thickness when applying an antiferromagnetism film to the bias 
magnetic field grant film 37. It is desirable to be referred to as 3-70nm. In the 
case of a FeMn alloy, it is to more specifically be referred to as 25nm or more in 
the case of a NiMn alloy. In the case of 5nm or more and an IrMn alloy In the 
case of 3nm or more and a PdPtMn alloy It is desirable to be referred to as 5nm 
or more when obtaining the stable exchange bias. 

[0070] Here, an IrMn alloy is taken for an example at drawing 9 , and the relation 
of the thickness of a magnetic film and exchange bias which give exchange bias 
by the antiferromagnetism film is shown. Drawing 9 shows that exchange bias 
improves rapidly, when the thickness of a magnetic film decreases. The same is 
said of other antiferromagnetism films. Therefore, exchange bias can be 
increased by making thin thickness of the magnetization fi-ee layer 18 which 
exists in the antiferromagnetism film bottom as a bias magnetic field grant film 
37, i.e., the 2nd ferromagnetic, and the cascade screen of the 2nd ferromagnetic 
18 and the soft-magnetism assistant film 36 in the both-ends lateral part of a 
regenerative track. 

[0071] Specifically, it is the magnetization fi-ee layer thickness of the 
antiferromagnetism film bottom as a bias magnetic field grant film 37. It is 
desirable to be referred to as about 2-5nm. Consequently, magnetization change 
directly under an antiferromagnetism film (37) by the signal magnetic field fi-om a 
medium can be made in general into zero, and it becomes possible to realize 
reduction of a reproduction firinge. Moreover, a moderate bias magnetic field is 
given to the 2nd ferromagnetic 18 as a magnetization firee layer, it is stabilized 
and a Barkhausen noise can be suppressed. 

[0072] When using an antiferromagnetism film as a bias magnetic field grant film 
37, it is desirable for a lattice constant to insert these middle ferromagnetics or 
antiferromagnetism films between this a:ntiferromagnetism film, the 2nd 
ferromagnetic 18, or the soft-magnetism assistant film 36 when increasing the 
intensity of exchange bias. For example, when using a CoFe alloy for the 2nd 
ferromagnetic 18 and using a FeMn alloy for the antiferromagnetism film as a 



bias magnetic field grant film 37, it is desirable to insert the middle 
ferromagnetic which added alloying elements, such as Pd, to CoFe and brought 
the lattice constant close to a FeMn alloy. 

[0073] Magnetic thickness of the magnetization free layer to which the 
magnetic thickness (product of residual magpietization Mr and Thickness t 
(Mrxt)) which doubled the hard magnetic film and the magnetization firee layer 
(cascade screen of the 2nd ferromagnetic 18, or the 2nd ferromagnetic 18 and 
the soft-magnetism assistant film 36) which exists in the bottom exists in the 
hard magnetic-film bottom on the other hand in applying a hard magnetic film to 
the bias magnetic field grant film 37 It is desirable that it is more than double 
precision. This is because magnetization of a hard magnetic film destabilizes 
according to the reaction firom a magnetization fi-ee layer (specifically fall of 
coercive force) and it becomes inadequate stabilizing [ of magnetization of the 
magnetization firee layer by switched connection with a hard magnetic film ], 
when the magnetic thickness of a magnetization firee layer increases relatively. 
In other words, by making thin thickness of the magnetization firee layer which 
exists in the hard magnetic-film bottom as a bias magnetic field grant film 37, 
magnetization of the magnetization firee layer in the portion is fully stabilized, 
and can reduce a reproduction firinge. It is the same when the bias magnetic field 
grant film 37 is the cascade screen 28 of a ferromagnetic 26 and the 
antiferromagnetism film 27. 

[0074] for example, - the case where the thickness of a CoPt alloy film is [ the 
thickness of IBnm and a CoFe alloy film ] lOnm when the case where a CoFe 
alloy (Mr=1.8T) is used as 2nd ferromagnetic 18 is taken for an example, using a 
CoPt alloy (Mr=lT) as a bias magnetic field grant film 37 - the value of Mrxt - 
a both simultaneously - it becomes the same coercive force 1500Oe in a CoPt 
monolayer Carry out a laminating to a CoFe alloy film. 700Oe Abbreviation 
Although it falls even to one half, the thickness of a CoFe alloy film is set to 
Mrxt=2- the coercive force at the time of carrying out a laminating to a CoFe 
alloy film, when 4nm (CoPt ** is the same) - 1050Oe(s) it is the fidl of 
coercive force is not so remarkable As a bias magnetic field grant film 37, as 
shown in drawing 3 , you may use the cascade screen of an antiferromagnetism 
film and a ferromagnetic. - 

[0075] When using a hard magnetic film as a bias magnetic field grant film 37, the 
c axis of Co system hard magnetic film carries out orientation to a film surface 
perpendicular direction by the epitaxial crystal growth firom the 2nd 



ferromagnetic 18, and there is a possibility that the coercive force of a hard 
magnetic fihn may decline. In this case, thickness in the middle of the 2nd 
ferromagnetic 18 and the hard magnetic film as a bias magnetic field grant film 
37 It is desirable to insert the amorphous layer which is about 1-lOnm, and to 
suppress the fall of the coercive force of a hard magnetic film. This layer is 
thickness. It is about 5nm Cr film. Thickness among this Cr film It is amorphous 
and an about 2nm initial layer is on it. About 3nm becomes a crystal layerl 
[0076] In the GMR head of the 2nd operation gestalt mentioned above, the 
disorder of the ground fixmt face of a spin bulb film based on patterning of the 
bias magnetic field grant film fi*om which the magnetization firee layer had 
become a problem by the conventional spin bulb film which exists in a substrate 
side can be prevented. Therefore, the stable spin bulb film property is realizable; 
[0077] Moreover, by the bias magnetization grant film which increase of the 
exchange bias force becomes from a hard magnetic film by the bias 
magnetization grant film which consists of an antiferromagnetism film, increase 
of coercive force is expectable by making thickness of the magnetization firee 
layer of the switched connection field in the both-ends lateral part of a 
regenerative track thinner than a magnetic field detecting element. Therefore, 
magnetization fixing of the magnetization free layer in the target truck edge is 
stabilized more, and it becomes easy to suppress [ of a Barkhausen noise ] it. 

Furthermore, also in grant of the bias magnetic field by the hard magnetic film, 
since there is no contact on a direct wall surface with a magnetization fijdng 
layer, the bad influence that the magnetization direction of a magnetization 
fixing layer is disturbed by the disclosure magnetic field fi:om a hard magnetic 
film decreases. Consequently, there is no Barkhausen noise and reproduction 
excellent in alignment responsibility can be realized. 
[0078] Next, the operation form of the GMR head which applied the 3rd 
magnetoresistance-effect element of this invention is explained with reference 
to drawing 10 . Drawing 10 is the cross section showing the important section of 
the GMR head of this operation form. In addition, the whole GMR head 25 
structure is as having been shown in drawing 1 . Furthermore, when it 
constitutes the **** discrete -type magnetic head with the application of the 
3rd magnetoresistance-effect element of 1;his invention in the reproduction 
element section, the whole structure becomes being the same as that of 
drawing 1 . 

[0079] In the GMR head which shows an important section to drawing 10 , the 



spin bulb GMR film 14 is constituted firom a substrate side like the operation 
form mentioned above by the magnetic multilayer which has the 
antiferromagnetism film 15 by which the laminating was carried out to order, the 
1st ferromagnetic 16, a nonmagnetic membrane 17, the 2nd ferromagnetic 18, 
and a protective coat 19. In addition, it is possible to make layers other than 
these intervene as weU as the operation form mentioned above. 
[0080] In both the lateral parts that separated firom the magnetic field detecting 
element on the spin bulb GMR film 14 (regenerative track), the 
antiferromagnetism film is prepared as a bias magnetic field grant fiilm 37 of a 
couple on the 2nd ferromagnetic 18. The antiferromagnetism film with which 
blocking temperature differs is used for the bias magnetic field grant film 37 in 
the antiferromagnetism film 15. Like the 2nd operation form mentioned above, . 
the portion by which laminating formation of the bias magnetic field grant film 37 
is carried out **********s the both-ends lateral part of a regenerative track to 
a part of 2nd ferromagnetic 18, and may form the ferromagnetic same as a 
ground film of the bias magnetic field grant film 37 as the 2nd ferromagnetic 18 
for the part to which this thickness decreased. 

[0081] As for the thickness of the 2nd ferromagnetic 18, it is desirable to set it 
as the thickness which can increase the exchange bias firom the bias magnetic 
field grant film 37 like the 2nd operation form mentioned above. Specifically, it is 
the thickness of the 2nd ferromagnetic 18. It is desirable to be referred to as 
about 2-lOnm. Moreover, it is desirable to suppose that it is the same as that of 
the 2nd operation form also with the thickness of the antiferromagnetism film as 
a bias magnetic field grant film 37. 

[0082] The electrode 21 of a couple is formed on the high resistance protective 
coat 38 by which the high resistance protective coat 38 which consists of Ti 
etc. is formed on the spin bulb GMR film 14 and the bias magnetic field grant film 
37. Patterning of the interval of the electrode 21 of a couple is carried out so 
that it may become narrower than the interval of the bias magnetic field grant 
film 37 of a couple. In patterning by ion milling, RIE, etc. of this electrode 21, the 
high resistance protective coat 38 fiinctions as an etching stopper. Thereby, 
over-etching of the spin bulb GMR film 14 can be prevented. 
[0083] When the interval of the electrodQ,21 of a couple is made narrower than 
the interval of the bias magnetic field grant film 37 of a couple, the width of 
recording track is specified at intervals of the electrode 21 of a couple. In such 
structure, since an about 37 bias magnetic field grant film low sensitivity field is 



removed, a high sensitivity reproduction output can be obtained by the width 
of recording track. In addition, an electrode 21 may be formed simultaneously 
with membrane formation of the bias magnetic field grant film 37, and lift-ofif 
patterning of these may be carried out. In this case, the interval of the 
electrode 21 of the bias magnetic field grant film 37 of a couple and a couple 
becomes almost equal. In the GMR head of the 3rd operation form mentioned 
above, disorder of the ground of a spin bulb film based on patterning of the bias 
magnetic field grant film firom which the magnetization firee layer had become a 
problem by the conventional spin bulb film which exists in a substrate side can be 
prevented. Furthermore, the high resistance protective coat 38 can protect 
over-etching of the spin bulb GMR film 14 at the time of carrying out patterning 
of the electrode 21 etc. Therefore, the stable spin biilb film property is 
realizable. 

[0084] Moreover, the exchange bias force firom the bias magnetization grant film 
37 which consists of an antiferromagnetism film can be increased by making thin 
thickness of the 2nd ferromagnetic 18 which is a magnetization firee layer. 
Therefore, magnetization of a magnetization free layer is stabilized and a 
Barkhausen noise is suppressed. Consequently, there is no Barkhausen noise 
and reproduction excellent in alignment responsibility can be realized. 
[0085] In addition, although each operation form mentioned above explained the 
case where the magnetoresistance-effect element of this invention was applied 
to the reproduction element section of the **** discrete-type magnetic head, 
the magnetoresistance-effect element of this invention is not restricted to 
this. For example, the magnetoresistance-effect element of this invention is 
applicable about other head structures, such as the **** one apparatus 
magnetic head which shares the magnetic yoke of a couple between a recording 
head and the reproducing head. 

[0086] Next, the operation form which applied the magnetoresistance-effect 
element of this invention to magnetic storage, such as 
magnetoresistance-effect memory (MRAM), i.e., the operation form of the 
magnetic storage of this invention, is explained. 

[0087] Drawing 11 is drawing showing the composition of 1 operation form of 
MRAM using the huge magnetoresistance effect (GMR). MRAM40 shown in this 
drawing has the spin bulb GMR film 42 formed on the substrates 41, such as a 
glass substrate and Si substrate. The spin bulb GMR film 42 has a reversal 
laminated structure like the GMR head of each operation form mentioned above, 



and has the bias magnetic field grant film 43 of the couple formed on the 
both-ends lateral part of the regenerative track. The laminated structure of the 
spin bulb GMR film 42 and the bias magnetic field grant filni 43 etc. is made to be 
the same as that of the structure shown in drawing 2 , drawing 3 , drawing 5 , 
drawing 6 , drawing 8 , drawing 9 , etc. 

[0088] It writes in the upper part of the spin bulb GMR film 42 through an 
insulating layer 44, and the electrode 45 is formed in it. Moreover, the read-out 
electrode 46 of a couple is formed in the both ends of the spin bulb GMR film 42, 
and sense current is supplied to the spin bulb GMR film 42 fix>m the read-out 
electrode 46 of this couple. In addition, 47 in drawing is a read-out auxiliary 
electrode. 

[0089] The writing and read-out of information in above-mentioned MRAM40 are 
performed as follows, for example. First, informational writing passes current to 
the write-in electrode 45, impresses an external magnetic field, and is performed 
by making the magnetization direction of a magnetization fibdng layer into the 
direction corresponding to "1" or "0." 

[0090] Read-out of storage information is in the state which passed sense 
current from the read-out electrode 46, passes the pulse current of 
positive/negative to the write-in electrode 45, and reverses the magnetization 
direction of a magnetization firee layer by the current magnetic field. The 
magnetization direction of a magnetization firee layer is fixed irrespective of "l" 
of a magnetization fixing layer, and "0" to the positive/negative of the write-in 
electrode 45. the time of on the other hand the pulse current of the write-in 
electrode 45 being positive by the magnetization direction of the magnetization 
fixing layer 50 memorized as "1" or "0" - the time of parallel [ the 
magnetization direction of the vertical ferromagnetism layer of the spin bulb 
GMR film 42 ], and negative - anti-parallel — or the time of the pulse current 
of the write-in electrode 45 being negative - the time of parallel [ the 
magnetization direction ] and positive — anti- it is decided whether to be 
parallel Therefore, when a pulse current positive -> negative [ for example, ] is 
passed to the write-in electrode 45, "1" of a magnetization fixing layer or "0" is 
distinguished for resistance of sense current by size -> smallness and smallness 
-> size. 

[0091] The bias magnetic field grant film 43 in MRAM40 controls the size of the 
magnetic field which the flux reversal of the magnetization fi:ee layer when 
passing the pulse current of positive/negative to the write-in electrode 45 



produces, and suppresses the noise accompanying the irregular flux reversal in 
the state where the magnetic domain was formed. Here, about a bias 
magnetization grant film, corresponding to high integration, it is a thinner film, 
and it is important to acquire sufficient bias force to suppress the increase of an 
anti-magnetic field accompanying a minute cell size. Since sufficient bias force 
is acquired according to the bias magnetic field grant film by this invention as 
each operation form mentioned above described in detail, MBAM40 enables 
realization of high integration. 
[0092] 

[Effect of the Invention] As explained above, after suppressing a reproduction 
firinge and a Barkhausen noise according to the magnetoresistance-effect 
element of this invention, reduction of contact resistance, the suppression with 
a poor insulation, good alignment responsibility, etc. become realizable. 
Therefore, according to the magnetic head, the magnetic-recording 
reproducing head, and magnetic storage of this invention using such a 
magnetoresistance-^effect element, a good operating characteristic etc. can be 
acquired. 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

P^rawing 1] It is the cross section showing the structure of 1 operation gestalt 



of the **** discrete-type magnetic head which applied the 1st 
magnetoresistance-effect element of this invention to the reproduction 
element section. 

[Drawing 2] It is the cross section expanding and showing the 
magnetoresistance-efifect element section which is an important section of the 
**** discrete-type magnetic head shown in drawing 1 . 
[Drawing 3] It is the cross section showing the 1st modification of the 
magnetoresistance -effect element shown in drawing 2 . 

[Drawing 4] It is the plan of the magnetoresistance-effect element which is the 
important section of the **** discrete-type magnetic head shown in drawing 1 . 
[Drawing 5] It is the cross section showing the 2nd modification of the 
magnetoresistance-effect element shown in drawing 2 . 
[Drawing 6] It is the cross section showing the 3rd modification of the 
magnetoresistance-effect element shown in drawing 2 . 
[Drawing 7] It is the plan showing the 4th modification of the 
magnetoresistance-effect element shown in drawing 2 . 

[Drawing 8] It is the cross section showing the important section structure of 1 
operation form of the magnetoresistance-effect head which applied the 2nd 
magnetoresistance-effect element of this invention. 

[Drawing 9] It is drawing showing an example of the relation of the thickness of a 
magnetic film and exchange bias which give exchange bias by the 
antiferromagnetism film. 

[Drawing 10] It is the cross section showing the important section structure of 
1 operation form of the magnetoresistance-effect head which applied the 3rd 
magnetoresistance-effect element of this invention. 

[Drawing 11] It is the cross section showing the important section structure of 
1 operation gestalt of the magnetic storage which applied the 
magnetoresistance-effect element of this invention. 

[Drawing 12] It is the cross section showing the example of 1 composition of the 
conventional magnetoresistance-effect head. 
[Description of Notations] 
11 .... Substrate 

12 24 .... Magnetic-shielding layer 

13 23 .... Reproduction magnetic gap 

14 .... Magnetoresistance-effect film (GMR film) 

15 .... Antiferromagnetism film 



16 .... The 1st ferromagnetic 

17 .... Nonmagnetic membrane 

18 .... The 2nd ferromagnetic 

20 .... Hard magnetic film of a couple 

21 .... Electrode of a couple 

22 .... GMR reproduction element 
25 .... Shielded type GMR head 

29 .... Thin film magnetic head 

30 .... Record magnetic gap 

31 .... Magnetic pole 

37 .... Bias magnetic field grant film of a couple 
40 .... MRAM 

42 .... Spin bulb GMR film 

43 .... Bias magnetic field grant film 

45 .... Write-in electrode 

46 .... Read-out electrode of a couple 



[Translation done.] 
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l^. S^SittKl 5{r«, ^mttO I rMn^^. Rh 
Mn^^. RuMn^^, PdPtMn^^. CrMn 
Pt&&. FeMn'&^. NiMn^^. PtMn&^ SO 
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[0 0 3 3] ±ffiLfcffl[tt^SK34^6?S:-5;^tr>A*JI/:r 
GMRK14H. '>yi<i:t)^2CD^fiaHt^l 8*i^^ 

if) iz^Cfzi^^^mi^x^^^. mi/^^^-st, iJ)>/i< 
<l!l*i^*$n;tJgtti:$nTV>-5. 'toy±x. n^hy 

•yi7<Dmiss&i^m^i^<Dm±mzm^i^mm'p<Dmmii 
ai5^>«)ft±gi5{cfi:a-r?)S¥«iigt bx«, 1 7 

1 5 tUT«mtt«r^-rS I rMn^^^FeMn^^ 

[0 0 341 ^2 1 8 &.n<Dmmm^m± h 

y y ir(Dm>s^n-mB^(z^n^nw^^-tt^rzii>iz 

t>m 2 (om.m^m 1 s *B^*-rn«<fct^, @ 2 *jk 

tt^i 7co-gBA^^«J;^l'. W&.^mm^:siv^y^ 

©S±SBCtt. *J»tt8il 7<Z>-^**g|#LTV^-5. 
[0 0 3 5] -E-LT, '>fj:<ifc^2£D^SttlKl 8*i 

±C-*t©®S?«f4IK 2 0 TiVs'-f TX«##4IK<!: bT 

Kl 7li®HmttK2 0 -jttOSgMBtt 
^20 tCt±«sl;^«C o P t C o N i C r 

0±fC«, -en-etlCu, Au. Zr, Talis*^^;*-^ 

-jt*«)mffi2 i*t?gfiE$nT*i»3. ::c9-?*«)'«fii2 1 

tc J; ox e>A';i.:rGMRK 1 4 {C-fe>X«SfE*t«i6&$ 
-M(DSffi2 lco^1Ri}4-»(OB!®JKftl^2 OW 
FalRSi 0 iK< bX J: Vi. 

[0 0 3 6] ±j£bfcxt:>A';u:?^GMRW[i 4, 

cO^R«ttffi2 0*5J;UC-JtC)SS2 us. GMRH^ 
^^^2 2€:«fi£bTVi^, GMR^4*^2 2±{Ctt. 
0lfc:^i^-rj;5fc:. TmH^fSa^^yyi 3il^«6;S 

mmmmm-^ i^ts.^ ^ -y 2 3 ^rrt- 

bT, Tmm%i^-)\^\'mi 2iinmfs.^mmm*^^ 

ICcfcoT. Hi:bTK>->-Jl/HMGMR'\-y h* 

2 SAt^^^nriiS. 

[0 0 3 7] /N'-i- TT.mn^^-m^tmnm.'^m 2 0 tcm 
e.-r. m7<.^tm 3 jc^T^rm 1 ©^j^e»jco j; o \z,jmi'& 

m2 6 ±.\ZKmi^m 2 7 b/t:fil€^ 2 8 ^iSffi 
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T-5J:tt)iiIffi-C*-5. a5«<4K2 6<«:SSWB14lig2 7 
IMn^^. FeMn^^. I rMn^^. PtMn^ 

CO 0 3 8 ] /WT;^«»ft4-K4'OR^«ttlie2 7 t 

;^e>A;^yGMRK«^'©K^iS^±Kl 5i«, A-rr lo 

CO 0 3 9] Kmm^m2 7 •/D-y^^>^ysS7it 
503K®I rMn^# (]»JP5. Snm) Srffll^v. RSiffiStt^l 

•5. *-r. -:^(6uis»«f (»iooe . :^[tinmn^MfP\m 20 
>i^fia©i'ra<os« (~5i3D -e, «i?.*isi*h7-y 

■^R^m^m 2 7 ©/N-'f 7Xm#IC J; 0 ^^KiSK 2 6© 
CO 0 4 0] V— ;PKSGMR'\-y H2 5±IC(i. 01 

jg^snxvi^, ^^fis^'N^y H 2 9 (OTMtmmm 30 

H. Jiffll«a->-JUH12 4tH-<DmttlHcJ:0«!J« 

am->-;u h'S 2 4 ti. K 2 9 roT«iaS 

fiiiBiifiSffi2 4±(:». A I Ox ^<D^mitmsLum^ 

<if3i^?E.mm%=¥^yf3 0 t±mmmmm3 1 tA^uM 

tC>gfiK3nTli.5. mf^M^mJ;:*) 

'^:^m\zitTmm&mm 2 4 i:±fl9fB@itSffi 3 1 \zviu 
«#*(*^-r«i2g3-i';i.d*^(8$nT*i»3, gas's 

HtbT<7)»g[mM'\y H2 9*t^^$nTl>2). 40 
CO 0 4 1] a2ICSgS^^Lfc->-;i/h'SGMR'\>y 

CO 0 42] S-rT«J!lfff*«l5=J^-l'>yyi 3 

R^l 4Sr«J«t-^SK?:iej*:XA-y3'fe^TfiS;Kr 
■5. 7;*- hU->'X h-7Xi^«:Jg)«LT-1'::t>S 

'j>y^r;^t:>A'ji/:/GMRMi 4S-Bf«^gttjcx«v 

^>i/-r^. croxy^>i/H'>75:<tfem2<D^ait 
figl S^-C&I^^L.. 7.tf>AJUyGMRKl 4<£«^ 
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mt. 

C0 0 4 3];^!:IC. T-eWNVW^GMR^l 4(7)Xy5^ 

^GMR^l 4<Dn±Y''7'yi^(Dmi^&9\-m^^{Z~n 
©«ie»ttlK2 0*J:i;iilB2 lSSS;^A-y5'ffi^CJ; 

[0044] SSettK 2 0 *5 2 1 © 

ffltiT-f:t>= 'J>i^-r'5. dtlfCioT. «'JX.«04 

izmrj^ow^^-y^msSi-r^. mnmiim2oiij: 

C^®ffi2 l<OTfflUr«, Xfc!>A;i/:/GMRffil 4?fe«! 

"y y 2 3 *J.fcC;t±#Ua^->-;l' K» 2 4 * 
>^^-r-5Ct(Cj;0, v'-;UKSGMR'\>y K2 5*^^ 

[0 0 4 5] $?,IC, JUKMGMR'N'y K 2 5±l;i 

tm^y LTcD»Mfi8»'\-y H 2 9 ^m^Lrcm> 

[0 0 46] ±aiLfcSIS60SMcOGMR'\-y H 2 5 lC43 

ft:toSm2<DK«ttKl 8Sr^¥«E*-»tTl>-5. JKOfc 
^1 fc^«^;iS::^7 h^ yi'lftt {(aS^7U>v) 
S:#S±-C£^lli:SnS, fl^h^-y;?'*»ennfcP5«8 

mfl!lS155)-<Defl;7U-li®li^5fe*, ;^i;>A7W:/GM 

R^l 4<&^®e<j{cH'Mf5c:i;5:<llifiST$-5. ^(D 

S^ggi^C^o <i:-5T, GMRff4^^2 2±^♦:cDg^^ 

TiiffiMT^, n±mm^yy-f-r^rc!!biz±tu±y:^ 
[0 04 7] ^2i:, {i^r£<thmity^J-m-Q$>^f^ 

2(D^fi814Kl 8<Di«*-&Xy^>d/'Tn«J;l^7tJ6, X 
•y^>yftSr'>/i<T^. X-y5^>y©«ai[6]±;it»|# 

^3{c. x.y5^>^^dtiiffr'5T«Ttt, :^fcr 

>AJl'-:/GMRMl 4 ©7^— A*t^-^;5^r)^ O -^f 
IClf^T, X-y5^>i/jtffO«]«airSfc-5m2<7)^fflH4 
^1 8Tttx-A*t^^{C)5:«. ii£oT, WVir/\0'if 
> y -f X©»±SH i r— $ < f S C i 

[0 0 4 8] ig4(c. m<m^m-vib^mi<o^mftm 

1 6<Oi^ei5S®*JSIfiJB14l^2 0<i:»ft!!^F-e-^Ct^ 
<. m2©^attMl 8{wMLT®a^tt^2 0 75^e,A 
-1'7X^K^^£^t#-r5Ci:A^-C$-&. SEoT, yNVWi'A 
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[0 0 4 9] ^©HJiJgffiKDGMR^y F2 5tf, 

CO 0 s 0 ] ±mLrzmmmm-ci,t, xtiyz-oizrcu 

ycMRiKi 4^flifie-r-5fflH4i^@K»3ii. &«<o«ifiE 
[0 0 5 1] t«j^tt, fi8{t:7'j-e. mftm 

^M^OS^JKttK 1 5 smtcm^S <!:. S 1 O^jStt 

*3-€-n*i»-5. -ecT. ef!iA«0 5tc^i?r<t-5(c. 
attKtisco fccta<D^stt^ (iii))gaEifi]tt. se. 

SftKl 5<DT«&§S[3 2*t9:(t-5c:i:*tff*L/t^. Tflfe 
M3 2tbTtt. Ta. Zr. Nb. Hf^i&fflt^Tt) 
J;li7il, fcc*B<£^-r-5N i F e^^, N i F e X 
(X:Cr, Nb, Ta. Zr, Hf, W, Mo, 
V, Tl, Rh, I r, Cu, Au. Ag. Mn, R 
e. Ru*^?,S«n5'>^< tfe mOTzM) , CuN 
i^^«S:**SSL.Vi. :i0Tmm3 2(Dmmit l~20niB 

[0 0 5 2] ±$^LtcTi&m3 2^'ft-VXm0liL 

fc, I r ^ 5~40Mft!l[ ro«SH-C^*t-'5 I r Mn-&^ 

ayd^>ifumTt Mmm^tmmmzsiti^ii^ 

[0 0 5 3] RSHBttKl 5»C I rMn^^^FeMn 

^^^<Dmnum'^m^^^m^\zim s iz^-r^ 2 ro^ 

mm<r>J:o(Z. xe>A';i/yGMRKl 4<DPI^h7>y 
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JKttKl 5Jr*Tj^r'5X>;»5^>i/'*MbTfc. 

tSoT, ®»Sftffi[2 0€:^tJ«g2 It 

xtf >a';p:/gmrK 1 4 t<Dft»ffi*i^^iK<tJ;<<£ 

[005 4] 1 5 lC«ftifttt<DN i 

o^DTfflil^c:x^^>A•;^:/GMRlKl 4+o»«atb 
10 T, m 1 1 6 isjiizmm^m 1, 7 ©p^^^f, 

®«ttM2 0«:-&tJmffi2 1 tXt:>A';wyGMRKl 

[0 0 5 5] *Ac, 05C*bfcJ;^lC, 01J^«C o P 

tC. l~20naiSS©C r . V, C r V^^, FeC 
20 [0 0 5 6] S§i«ftMl 5i:JS{b@lf^T*5)^l© 

1 6 t<D^mizit, R^m^tm 1 sj^^^is 1 <d 
iz, :in<E><D'pm<r>^^^Sc^^-r^mftm=^i9Abx 

1 5*<FeMn^^T, ^ 1 CD^Ii^ttffit 1 6*tcoFe 
^'kXSb^m^iZfitC o F e P d^^^*^#tf ^>n-5, 
miOSSfiSttKl 6-^m2®§SJH4^1 StCCoF 
^^C o F e B^^^WC o3S-&^*fflt,iS«^JCtt. 
SaiSttKl 5tOWCCiiJx.« 0.5~ inamm<r>mi(r> 
30 N I FeJg®ffia'Ji«:ifAUTt><fcl^. N i FelgfiOffi 

^mi]^iS:r^it^. fiftjT, /\vi'^A'i'-fef>y-f XcD 

[0 0 5 7] 0iJ^tf06tS^T^3(D^^e»JcD 
j;-5tr. Kiii«ttlgri 5<t^l<DS»aitlKl 6,i:(0WC 
N i i l^-t^m^ibfi^m^ 0. 5~ 5niii@*®«tt 
)13 4*}fAL-r. m 1 ©SiiSttM 1 6 3 4 i 

oraitStitA'JirJls ssiettTfeiti. i6»AUir^ 

3 5 «^ 1 (O^JSttK 1 6 -^^JStt^ 1 7 (^^figSSri® 

1 1 6 t^m^m 1 7 tairsT 

izmmzfi'&fsi^mifi^mx^^. tt^/N-u-v^s 5n 

^#H«i'ic-B.{i*M^m^(i~iosccMgK) ^mxn 

~ 300|J>@«) LT, jatt^3 4©«®=&32tfei^^*t|» 

iTj^T^'S. ffliiA''J-V'^3 5$:Jgjs£-r5;t46CD5aS 

t^. JBtt»i3 4S:«KbfcatC-fi;>caM«C 

50 L, ^<r)'^0SLmLXhJ:^K 
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CO 0 5 8] fSKOmmitmi 6^^2<0^«« 

7 iiHtr^^mizmfni i.5niBUATsa«ffiaiv»co* 

0« N i i:Cu<!:<0ROtt«i:Sr|»<rc:<fc*<T^, fifitS 
(0 0 5 9] ^2CD^<Btt]ei 8±l;»> 05lI^U/t 

•>X hS 3 6 fiigj-r Utie^STttTSt-i, C o F e 't^^ 
»Co^-&^S:fflV>^J©-&fC«, NiFe^^. NiF 
eX (X:Cr. Nb, Ta, Zr, Hf. W, Mo. 
V, Ti, Rh, I r, Cu, Au, Ag. Mn. R 
Cv RuA^^S«n-5il>;ft<tt) m<Dytm) ^^^<r> 
iigS®{8tt-g-^fe. CoZrNbJ^, CoFeRe^, C 
o Fe A 1 05Si?CD7^;i'7rXi8tt-&#. FeZr 
N. C o F e T a N^CDgftJSiiea^^, CoNbC. 

F e T a v^fOi^fbJSiteS^^, **t»ttc:nero«ii 20 

CO 0 6 0] iC«ttr->xmS3 6«Co«^^*^e.3S: 
•5^ 2 ©^ffittl^ 1 8 <:D|)C®tt«(6i±(c?im$%}?t- 

Ct*t»SLt,>. «cai?fe7i^X h^3 61C«. -fe>Xll 

[0 0 6 11 m'mm^m2 otmm2 icoff^mzmL so 
2 o©rBiiiBi:-*KDag2 1 corapii«*3i3<fc-e- istf 

wtltt. Xfcf>A*;i/yGMRi[l 4C0/1^'-;i>i?' 
Cfi[fflL;<tU'>';^hVX;:?S:-t-«)S*?iJfflUT, ®ai8 
ttK2 0*5±ZJCaS2 l*iHtLTfS^L. Cl<i!>U->?X 

«a2 l<D.mm=S:lt<LX, Xt;>y\VI^:/GMR^l 4 
jfifi|-e«®®«8ttl^ 2 0 SmffiO-SBi LTfiifflTS ;i 

«l«Stt^2 0 i:«S2 1 OJ^fig 

co«ffi 2 1 (Drnm^^-nommm^m 2 0 coftiUct 0 1, 

[0 0 6 31 C(DJ:v^msSHZ^tHi, m&2 liimi^ 
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xai:iS»«ffi2 l*tllBSn-5C:<!:*^;&l>. Cu-^Au 

lcJ;0mS2 l©Jt^|c«|6lffi (ABS) moi^m^lMiiii 
oT, 2, 2 4t<0itei&^a«:§l€e 

Xtf>A';p-rGMRKl 4ifieiT«®S«<lK2 OAi« 
Sfe 3^^3-5 CO -C. «gR«ttl^2 0«)Sgt*a;^TJfSfc 

OOimmitiO-^ 100nm@Sdf|i^Ut^^. :4i:i%noD 
m2<7){8mStri5am^^SrjiffltfcGMR'\-y H<0*ffi 
J^SSIC-PI^T. S8€r#BgLTgi?gT^, a8«C«)3l 
ffifl^iSroGMR'S-y K«)SaKS^r»fffi0T»-S. ;4 

*5!?^(7)^2 0<SmStr[5<I^*^^S:fl^ 
[0 0 6 4] 08t-|?g8S:S^-rGMR^<v HlC*5ViT> 
fiS^BSl 6. l^iSlilgl 7. m2©3iei£l|gl 8. «tm 

tt7->xhK3 6;fe<fcDC«siKi 9'S:m-r^m\^^mm 
trj:oeifiK^nTi<i-5. /a*5cne.O'5^. tasks 

[0 0 6 5] ;i©IISSJg^«GMR'\y KlC:fctsT. ^ 

2<Dmm^tmi 8\t.m^tii^ m^h^yvi/) \z^m 

^f^J^ 3 7 (i, M 2 omm^m 1 8 ©KiP 1 2 ©gg^i-. 

m^Wk 1 8 \m.^mmzii^mr^^^<Dmm 1 1 ctt 
'^T, A<7;^e#^*-¥iiS3 7©T«i!i{c»rc5a5»©iR 
1 2 a!esnTv>-5. nm 2 1 «A-f 

f=i-#K3 7±lcSlBj^J5£$nTl'i5. 

[0 0 6 6] 'J 2 ©^mi4M 1 8 tDca 

ttT->X hlS3 6 <i:©SIBie-eSlfiiS-r««^f'tt, CI© 
««^©W$ ^EA'-f TXe^ft-^K 3 7 ©TffllltC^fcS 
H ^ -y ^ ©^)^8E^fiiJgS^i-*^IS^«^ttSgKtrffl^T^ 

AVW^GMRKl 4£t*1.©mfrotiTtt. fltTiSbfcl^ 

[0 0 6 7] C©*Jg0|g©GMR'\-y KTli. h 
7 -y ©^^gBi1^fii]g65i-$:a{t:7 'J 2 ©3S 

ffllttKl 8©-ffi*-CLd>X-y^>i^U?S:Ufc««). X>y 

[0 0 6 8] A-f TX«l!tf=t#^3 7{C»i. C!«A«N i 
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Mn^^. FeMn^^> IrMn^*. PdPtMn 
RhMn-&^, RuMn^&. PtMn^^, C 

rMn P t^^#f(7)«®tti&WTSS^«ttK. SSt^ 

fscop t^^momma^^-r^mnmitmifmi'^'b 
$^ir. mz\z7p{ytzmmtmm\z. suKitK2 

6 tRSl«ttK 2 7 t WSBH 2 8*. /"^-f 7X«SSl# 

3 7 IcMffiT-S) d 1 pItgT»-5. 
CO 0 6 91 A'-rJXJSI^^-^IKS 7(CK^«tt^*a 

-r^Ztf)^. FeMn^^a)«-&lC« 5nni£A±. IrM 
n-&^©«-&tC« 3niDti±, PdP tMn^^<0«^»r 

[0 0 7 0] CdT. S9{c: I r Mn^^S^esjfci^ 

^^m^Pt^t. .%iair3^mA*'r Tx*t[6]±-r^ ^ t*< 

[0 0 7 1] ft^t:e<jfc:a, TT^m^f^^m 37 hi. 
-r:<Dmm.msk(Di:m(Dm{ty')-m<Dm^\t 2~ snn 

K5fitj:5SKfiSttK (3 7) m.T(nm.{c^{y:^m.um 
ttigi8c«. ig«;/iA*>f7xjBif^*t#^$nT. n;!' 

C 0 0 7 2 ] A'-f TT^m^H^m 3 7 1 1 TS^lKttK 

-5t^««t«tt7'>x hK3 6 troractt, s^^eftdtc: 

3£«A'f 7X®^S*Ji;*:S-B-^±TgSUli. «^ 
^2<D^lKttBll 8»rCoFe^^*fflVi, 
/U TT^m^H^m 3 7 t UTWS^mttKlC F e M n 
^^*fflti^«^tCtt. CoF e\ZPd^<DmiSa7tm^ 

m^xmi'm&.'S:F eMn^^izi&mfrcpm^m^m 

[0 0 7 3 1 -:Sr, /\'-r7X®#f^4-^3 7 iciHRlStt 

^*fcJS^6<J^;p (^SJKYbM r t^iP t (M r X 
t) ) A^. ^»fi8f4KtDTffi!|{C??ffi-rSfi8ft7«J-@<D 
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{ty*)-s<Dmm.mmmii^^nm\zmizr^iL. m^y 

j6-c*s. mi^m^^t. Awyxmsfft-^^s 7 

i5<-r?.ci:«cj;oT. ^<D^^r<Dm<ty*)-mom 
itt)<-^if\z^^{f^n. m±y 'J >x*fi«-r5 z. 

[Q 0 7 4]m^it. A'-f T7.«#(=t#K3 7 tbTC 
oPt^^ (Mr=lT) Srfflli, *^om2 0)^«ttKl 
8tUTCoFe^^ (Mr=1.8T) 

lii-St. Co P t-^^KcoKJfi^MSnm, CoFe^^ 
^ro^if ;Ci^lOniB©:©-&tC«M r x t ©fa*i^#131^i^— 

t^s. c o p t mmm-c(D^mtjmQoe a^coFg 

700Oe ii^ l/2lrSTfi 

T-rs*^ Co F e^^^co^Jp<&Mr X t=2<»:7i-5 4 
nmi-r-St (CoP tjp«ig«) . CoFe^^Ktffi 

^n8S»Ttt;5:t». A-'fTXJBS^f*#)«3 7 tUT 
( 0 0 7 5 ] /N'-f TX«5!lft^K 3 7 t LTfflSiaHtM 

^i-w^iSSjsssfCcfc 0 c o i^ffiisett^w c mtimmm 

it:^|tillCffiF6]UTU*Vn ®»m&)K©»lia;>j*teT-r 
S*J^n7»«»«). JlO^i^. |g 2 ©!SlKttK 1 8 t A-f 

30 [^mmmmoyy "Eji^y r 7.6^um^w ALT. mm 
m^m0^mti(D{&T^mm-r^ciifim^Li,^. ceo 

JP$ 2mmm(nl^mm\-i.7=^)VyrX-C$>*). -5- 

[0 0 7 6] ±mvitm2(Dnmmm<DGMR^y hic 

>A*;i':^MTFa1j@<i:;a:-:j TVifeA'-r TXJS#f=f ^JK©A 
5'-- >i/'lCS< 7. k:>A-Jl/:/K«T«fi«®<75an2:B6 

40 A^Hil-tr^-S, 

[0 0 7 7] Sfc. B*h7-y^7«SiS3g5nffl!lS65Mc43 

$-5. «e-pT, SW^Ti) h^^vi'SSgSTWlKlk^iJ- 
50 TWSWTi^^at^fc^lr, ®»^14^?!>^e.<0ii}SiK#lcJ; 
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CO 0 7 8] -AlZ, *^gg«^3 05«^»iii^^^^* 
«)ilgP^*r»ffflai?*-5. :^*5, GMR'\>yH2 5<D 

Stella's H£«|ja-rs«^. iE-®ikf*:fl|jfia0 1 t 

to 0 7 9J SI 0{3Sg5«ra^TGMR'\-y KJZ*5t» 
T. xe>/N*;pyGMR^l 4l±HJ^L/5:*iefg|i<i:l^ 

(o^ffiiiiffiie. i^isi^mi?, m2(o^{ai«^i 843 
[0 0 8 01 :>^tf>A';i/:/GMRKi 4±rojeaiMSiffig8 

3 7 icfi. SKffittK 1 5 ttt:/a >y =+^>i/iiffid«S;ia 

h 7 <y ^ ©Mig86*1'ffliSB»*S 2 (0^l8ttlg 18® 

^.m^fi^ms 7©TlftMiLT^2©3^jaittJKl 8i 

ro 0 8 I] ^2«)?fii8ttlRl 8®IK»tt, aSijBtfcm 
2cr)5lifiJ^SSi:l^«fC, A'-f 7Xfi8l?-ft-^K3 7*^'?,® 

8 0imm\t 2~ioiiiiBai:-r-5^:t*w*bi'». 

A--i'7XiS#ftJ5-K3 7 i:LT(DS:!SiK14K®K^l::-:3 
V^Tfe. m2<Df|Jg)g|ii:f^«li-rsCd:35WSU('». 
[0 0 8 2] Xtf>A*;PyGMRKl 4*JJ:Z/A*'f TX 

-^tO A--f 7 XJK#M#K 3 7 (DWfii J: 0 i» < J: ^ 

(C/1^-r:>y$nTl^-5. CWtia2 1 (7)'r^>5 u 

«^3 8ttx-y^>;7X h-yAtUT^^-r-S. CtlJC 
ctO. Xtr>AVi/:/GMR^l 4C9:*--A--Xy9^«>g& 

CO 0 8 3] -*fwmffi2 l(nrBlB*-5ttOT/\''f 7XfiS 
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